This paper attempts to answer the question of what and how knowledge sharing mechanisms should be used between geographically dispersed plants in multinational companies. Case studies in eleven multinational companies reveal many mechanisms are used for inter-plant knowledge sharing, which are grouped into eight categories: transfer of people, forums (internal conferences/meetings), boundary spanners, periodicals, audits, benchmarking, bestpractice guidelines and international teams. It is found that some knowledge sharing mechanisms are more suited for one stage of knowledge sharing than the other, as determined by their 'reach' and 'richness'. Specifically, mechanisms with high 'reach' are more suitable in creating awareness among potential receivers and mechanisms with high 'richness' are often more effective in transferring the knowledge. In addition, the choice of mechanism is also dependent on the degree of tacitness and embeddedness knowledge transferred. Based on these insights, a framework linking knowledge sharing mechanisms with knowledge transferred is constructed. 4
Introduction
Driven by the search for lower production cost and greater market access, many manufacturing companies have globalized their manufacturing operations [1, 2] . As these multinational companies seek new ways to leverage their resources to gain competitive advantage, there has been a growing awareness that the knowledge contained within a company is one of its most valuable assets [3] . Despite the advent of technology, managers are still very concerned with the lack of knowledge sharing between divisions. In a recent survey, the management consulting firm KPMG reported that more than 50% of the respondents said effort was still wasted through "re-invention of the wheel" [4] .
This paper reports findings from research that aims to address questions associated with interplant knowledge sharing in multinational companies. In particular, it seeks to understand what are the mechanisms firms can employ for inter-plant knowledge sharing [5] , and when should one mechanism be used instead of the other.
The paper begins with a literature review which is structured in two sections. The first section focuses on the types and characteristics of knowledge, leading to a typology of knowledge. The second section reviews literature on knowledge sharing mechanisms and identify the research gaps. The following sections present the research methodology, followed by the case studies conducted in eleven multinational companies. Drawing from the empirical work, a framework linking transfer mechanisms to knowledge transferred is proposed and its implications for theory and practice are discussed.
Literature Review
The following paragraphs review previous research related to this area. The review is divided into two sections. The first section reviews the types and characteristics of knowledge, while the second section review the mechanisms used in sharing knowledge.
Types and Characteristics Of Knowledge
The definition of knowledge -which has been the center of philosophical debate for centuries -depends on epistemological stance and can be broadly divided into two perspectives:
objectivist and constructivist [6] . The dividing line is whether knowledge is dependent on the knowing subject or independent of it. Objectivists see knowledge as an object which is something static and which can be managed as information. Constructivist, however, see knowledge as highly contextual which cannot be separated from its knower and knowledge is more appropriate seen as a process, i.e. the process of 'knowing' [7] .
Knowledge is generally agreed to be "justified true belief" by an individual or a community at a given point of time [3] . Knowledge can be embodied either in process, product or person [8] . Person-embodied knowledge can be defined as "information that is relevant, actionable, and based at least partially on experience" [9] . It is now widely recognised that, depending on the tacitness of knowledge, there are two forms of person-embodied knowledge, i.e.
explicit and tacit knowledge [10] . In general, tacitness refers to the degree to which knowledge can be articulated. Knowledge can remain tacit because it cannot be articulated fast enough to improve performance, because it is impossible to articulate all that is necessary to a successful performance, and because language cannot simultaneously serve to describe the relationships and characterise the things related to it [11] . In addition, the codification of knowledge is as much as a cost/benefit matter than the three aspects indicate.
The existence of advanced simulators and flight manuals for pilot trainees learning how to fly but not for children learning cycling illustrates clearly the cost/benefit consideration. It is found that diffusion of knowledge is proportional to the degree of knowledge codification [12] , where transfer of tacit knowledge is slow and costly [13] .
In addition to tacitness, other constructs have been developed to characterise knowledge, such as 'complexity', 'independence of a system' [14] and 'embeddedness' [15] .
Complexity can be seen as a function of tacitness and embeddedness rather than an independent dimension [15] . Embeddedness is related to the context-dependency of knowledge which affects the transferability of knowledge. Indeed some sociologists have long argued that institutions are ingrained in the wider political, social/cultural, economic/financial context [16] . This gives rise to different knowledge structure and works systems which impede cross-border knowledge transfer, as demonstrated in the studies of collaborative ventures between Japanese and British firms [17, 18] . Some researchers termed this 'embedded knowledge', in contrast with 'migratory knowledge' which can move freely from one place to the other [19] . Knowledge embeddedness can come from both the organisational culture (e.g. extent of codification or 'documentation culture', preferred way of storing knowledge) as well as the national culture [17] .
In this paper, we follow a taxonomy of knowledge comprising of tacitness and embeddedness (see Figure 1 ) developed by Doz and Santos [15] to analyze the knowledge sharing issues between geographically dispersed plants in multinational companies. The following paragraph is a brief explanation of the taxonomy.
INSERT FIGURE 1 HERE.
According to this typology, there are four types of knowledge: explicit, experiential, endemic and existential.
Explicit knowledge
Explicit knowledge is knowledge which is articulable (and often in an articulated form) and less context-specific. Knowledge in the natural sciences is a typical example of explicit knowledge, which can be found in the form of equipment operating procedures, technical drawings, and trouble shooting guides.
Experiential Knowledge
Experiential knowledge is knowledge which is high in tacitness but low in embeddedness.
This is knowledge which acquired through experience and practice. The classic example by Polanyi [10] is the ability to cycle. Problem solving skills is another example of example of Experiential knowledge.
Endemic Knowledge
Endemic knowledge is articulated knowledge, the usefulness of which can be apprehended only when the context to which that knowledge pertains is well understood. An example of such knowledge is contained in Standard Operating Procedures (SOP) which is often applicable only to a particular environment or location. While the documents which contain endemic knowledge can be easily transferred, meaningful interpretations require the transfer of the less obvious, less codified knowledge about the context.
Existential Knowledge
Existential knowledge is knowledge which is not only tacit but also deeply-embedded in its context. This knowledge is learned by 'feeling and living', developed through "indwelling" in the situation. An example of this is knowledge about quanxi [20] which can only be acquired after long period of living and practicing business in China. This knowledge is unique in mainland China, and is less applicable in overseas Chinese societies such as Hong Kong or Singapore.
Knowledge Sharing Mechanisms
Having provided a typology of knowledge, attention is now turned to understanding knowledge sharing mechanisms. Mechanisms here refer to the methods, procedures, or processes involved in how knowledge sharing might occur. Research on knowledge transfer mechanisms is mainly carried out in the area of international R&D management and benchmarking. The following table summarizes the knowledge mechanisms found in previous management literature [21] .
INSERT TABLE 1 HERE
One of the recurrent findings in various studies is the importance of socialisation in the transfer of knowledge [23, 25] , as clearly demonstrated in the story of Matsushita engineer who managed to develop the right bread maker only after having acquired the skill through an apprenticeship with a baker [3] . This finding conforms to Media Richness Theory [26, 27] which argues that in situations where information is equivocal -such as the case of tacit knowledge -rich medium are more effective than lean mediums. Medium richness, defined as the "medium's capacity to change mental representations within a specific time interval" [27] , is determined by the medium's ability to handle multiple information cues simultaneously, the medium's ability to facilitate rapid feedback, and the medium's ability to establish a personal focus. Communication through a rich medium such as face-to-face meeting results in a major change in mental representations compared to a less rich medium.
Face to face meetings are considered to be the richest medium, followed by discussions over the telephone, written memos addressed to individuals, and written memos not specifically addressed to any individual.
Similar observations were made by others [24, 13] . These studies concluded that in general, the higher the tacitness of knowledge involved, the richer of mechanism is needed. However, the finding is limited only to a single knowledge characteristic -the tacitness dimensionand a single characteristic of mechanism -richness. This observation is rather inadequate
given that another characteristic of knowledge -embeddedness -is likely to affect the choice of knowledge transfer mechanism. A recent study suggests that knowledge transfer mechanisms may have four different characteristics: capacity, breadth of communication, richness of communication and formality which affect the type of knowledge that they can transfer effectively [24] . Therefore, further research is needed to explore the relationship between mechanisms in relation to other characteristics of knowledge likely to be different [23] . Others suggest that face-to-face meetings should be the first mechanism when starting a new project as it helps to build up confidence and relationships in virtual R&D teams [22] . Indeed recent research has indicated that successful knowledge transfer requires multiple, complementary modes of knowledge transfer [24, 28] . However, the ways in which mechanisms should be used at which stage of knowledge sharing remains unclear. As such, this research seeks to understand the efficacy of different mechanisms at different stage of sharing.
In summary, two particular areas that warrant further empirical investigation in regards to knowledge sharing mechanisms:
• The mechanisms' capacity for transferring different types of knowledge
• Mechanisms' role in the different stage of knowledge sharing
Research Design And Implementation
Following an interpretivists perspective, this research adopts a case study theory generating approach for the following reasons. The lack of established theories in this area suggests that this research is one of theory building instead of theory testing [29, 30] . As knowledge management is still at its infancy, framework and conceptual constructs are needed before more robust and rigorous models can be developed [31] . The optimal research strategy, thus, is one of "inductive and qualitative rather than deductive and formal" [31] . The objective of the research, i.e. to understand the relationships between content (knowledge), sharing processes, sharing mechanisms, requires a methodology which captures the subject in a holistic manner. The flexibility and use of multiple data sources make case study the most suitable approach. The need to understand knowledge issues as a whole rather than as a set of independent or loosely related parts [32] further suggests case study is the appropriate approach. By observing and reflecting on real life experiences which happen in their natural settings, frameworks or hypothesis with explanatory power can be constructed.
Given that the research focus is on inter-plant knowledge sharing, case companies should ideally meet the following criteria:
• That the manufacturing company is part of a large international manufacturing network with other manufacturing facilities located in different countries
• That sister plants in other countries should manufacture similar products or use similar manufacturing technologies
• That a range of knowledge sharing mechanisms are used.
Based on these criteria, companies which have previously worked with the authors' affiliation as well as companies which the authors have personal contacts have been approached. A total of eleven companies were selected. These are manufacturing facilities located in Asia with headquarters in either UK or United States (see Table 2 ). Each company is part of a larger manufacturing network with sister plants in many countries. The primary data gathering method is semi-structured interviews which were conducted with senior technical managers and engineers (both expatriates and locals). The research questions are:
What are the mechanisms firm employ for inter-plant knowledge sharing? What are the contents of these mechanisms? And When and why one mechanism should be used instead of the other? The foci of interviews were types of mechanisms in place for inter-plant knowledge transfer as well as the contents and contexts in which these mechanisms are used. Table 2 lists the companies (in pseudo names) and the sources of information. Further interviews were also conducted with managers in sister plants in UK for company Alpha, Eta, Theta and Kappa. In addition, data in the form of project reports, emails exchanged, operating procedures, internal benchmarking procedures, internal newsletter and operating procedures were collected.
Results
Overall, the fieldwork reaffirmed previous studies that companies use a range of different mechanisms for inter-plant knowledge sharing and identified the content and the strengths and weaknesses of these mechanisms, as shown in Table 3 . Transfer of people, annual forums, best practice operating guidelines and benchmarking visit are the most common mechanisms. Transfer of people is by far the most popular approach, with all the eleven companies having expatriate(s) working on sites. It is worth noting that some companies combine the mechanisms according to needs. For instance, it is common that the international teams meet periodically which is akin to internal conference mechanism.
Companies also found using a range of electronic communication tools to support these mechanisms.
INSERT TABLE 3 HERE
As the companies studied are subsidiaries of large multinational companies, it is not surprising to find that advanced Information Communication Technologies (ICT) tools are commonly used. Many interviewees recognise these ICT tools as indispensable means of transferring knowledge. All the eleven companies have email, Intranet, Groupware, fax, teleconference and video-conference facilities installed, albeit at varying degrees of availability.
Email is by far the most widely used ICT tool in all the companies studied, mainly because of its ability in reaching many receivers at one time, its ease of use, and its readiness as an archive. Companies like Alpha and Beta have a long tradition of using email, first using mainframe-based internal system in the 1980s and now the EMS (Electronic Mail System).
The capability of email to reach many people at one time and its readiness as an evident of communication make it the prime tool of communication. Email is also preferred over teleconference in countries such as Japan and China where English language skills are less advanced, as email allows checking to be made.
Increasingly, Intranet is used as a means to store and disseminate information such as plant performance, meeting minutes, procedures, discussion forms and project schedules, replacing traditional approaches such as paper-based achieve systems. It is also beginning to replace groupware, which is considered to be more expensive and more rigid, as many of the Intranet software is free and evolving much fast than groupware. Groupware is used in similar ways as that of the Intranet, i.e. as a means of storing and disseminating information. Teleconference is commonly used in the companies studied, particularly for solving urgent issues.
Tele-conferences allow discussions and instant clarifications of doubts between users located in different sites to take place. In contrast, although most companies have video-conference facilities, it is not commonly used as it is still regarded as expensive and the image quality is not good. Fax is used primarily when documents cannot be sent electronically, such as technical drawings.
The following table summarises the types of ICT tools used in each company.
INSERT TABLE 4 HERE

Discussions
Consistent with a previous study [24] , different knowledge mechanisms are found to have different capacities for transferring different types of knowledge. In addition to tacitness, it is observed that embeddedness can also affect the choice of knowledge mechanisms. The knowledge typology developed by Doz and Santos [15] provides a good framework to show the relationships between knowledge sharing mechanisms and the content of the mechanisms.
Transferring Explicit Knowledge (low embeddedness, low tacitness)
Codified knowledge with low embeddedness can be easily transferred through documents.
Low embeddedness means that knowledge contained in documents can be apprehended relatively easily without further information on the context. In Alpha, examples of explicit knowledge include problem solving methods (e.g. 8D method, Design of Experiments, Statistical Process Control), project management guidelines, and software skills (e.g. Excel,
PowerPoint, C++). Theories, guidelines and worksheets of these methods are codified and transferred electronically.
Transferring Endemic knowledge (high embeddedness, low tacitness)
Endemic knowledge is articulated knowledge in which its usefulness can only be apprehended when the context to which that knowledge pertains is well understood. Unlike explicit knowledge, this form of knowledge is highly embedded in its context or setting, which may not be similar between the originator and potential receiver. The context or background of this knowledge is usually codified albeit often in a very concise manner. Best practices and process improvements are examples of this nature. Without understanding the backgrounds of these forms of knowledge, it is difficult for users to put them into proper use.
Best practice guidelines and technical journals are the common mechanisms use to transfer Endemic Knowledge.
Transferring Experiential Knowledge (low embeddedness, high tacitness)
Given its high level of tacit elements, Experiential knowledge can only be transferred through the use of a rich medium. Transferring individuals who have the knowledge seems to be the best possible way. Low embeddedness means that experts can be brought to sites requiring such knowledge as the knowledge holder does not rely much on the context or environment for which the knowledge has been created. Examples of Experiential Knowledge include problem solving skills for complex or non-routine problems such as test programme changes, low yield lots in production and customer complaints.
Transferring Existential Knowledge (high embeddedness, high tacitness)
Knowledge which is not only tacit, but also deeply-embedded in its context can only be learned by 'feeling, living and indwelling in the situations' over a long period of time. This is demonstrated by the case of a Matsushita's design engineer acquiring the knowledge of bread making [3] . In Alpha, trainee engineers are sent to advance sites for one to two years to work side by side with different experts who possess the knowledge. Not only is the required knowledge distributed among different individuals, it can also be embedded in the physical settings of the organisation. For instance, in order to carry out his or her tasks effectively, a final test product engineer requires knowledge in wafer fabrication processes, electronic circuitry, equipment, and test programmes. This knowledge is often distributed among specialists such as product design engineers, test software engineers, and equipment specialists. The presence of a production line with its equipment and facilities allows the trainee engineers to understand the context of the knowledge, therefore allowing full comprehension. Given that there is no wafer fabrication facility in Malaysia, engineers have to be sent to sites with wafer fabrication facilities, chip design and testing functions. 16 The following table lists the types of knowledge and their transfer mechanisms:
INSERT transfers to be made. This is particularly relevant in areas not reported in existing performance measures. Annual forums also allow managers to meet face-to-face their counterparts enhancing subsequent electronic communication [24] . Depending on the complexity of knowledge, further communications (in forms of visits, transfer of procedures or teleconference, emails) may be needed. In contrast, benchmarking is more effective in transferring the knowledge, rather than creating such awareness.
The following table categorise the knowledge sharing mechanisms according to their primary roles in different stages of knowledge sharing.
INSERT TABLE 6 HERE
But what differentiates an awareness mechanism from a transfer mechanism? The notion of reach and richness seems to provide a promising structure for the different roles of mechanism at awareness and transfer stages. the number of cues) of information that a mechanism can transfer at one time. Tacit knowledge, given its causal ambiguity, requires a medium in which the sender and receiver can meet face-to-face, which allows any queries or ambiguities on the knowledge that is being transferred which may arise to be answered through the use of body language, sign and language. The richness of the mechanism is also determined by the duration of the interaction between sender and receiver. Thus, although the receiver can come to meet the originator of the knowledge face-to-face through benchmarking visits and conferences, the transfer of tacit knowledge is unlikely to take place because of the short period of time in which the knowledge holders and receivers are allow to interact.
In the context of cross-border knowledge sharing, the 'reach' of a mechanism is likely to be an important consideration for the selection of knowledge sharing mechanisms. Reach refers to the number of recipients that a mechanism can communicate with at one time and to what degree the mechanism can overcome geographical and temporal barriers. For instance, periodicals have a high 'reach' because they can be reproduced in large quantities easily, can be circulated widely, and can consequently reach many individuals over a long period of time. Table 7 proposes the desired elements of 'reach' and 'richness' characteristics of mechanisms:
INSERT The differentiation between awareness mechanisms and transfer mechanisms is by no means exclusive, as some mechanisms are capable of doing both tasks. Indeed it is worth noting that most mechanisms are capable of raising awareness as well as of transferring knowledge -such as periodical and international teams -but the costs of a mechanism and the way in which a mechanism is actually used may also determine their efficacy. For instance, an international team which uses only telephone, email and video conferencing (due to financial constraints) is less able to transfer knowledge (particularly tacit knowledge) as compared to an international team which meet face-to-face frequently in addition to the use of ICT tools. (Table 6) and different mechanism transfer different types of knowledge (Table 5) , a knowledge mechanisms selection framework can be constructed as follows:
Integrating the new insights that different mechanisms have different efficacy at different stages of sharing
INSERT Without these mechanisms, organisation members would not be aware of the types and location of extant knowledge which make bottom-up knowledge sharing impossible.
Although these mechanisms can be used to transfer knowledge, they are handicapped by their own limitations. Articles in periodicals (particularly in the type of newsletters) are often concise without sufficient background information, which makes meaningful interpretation and transfer difficult. Forums such as internal conferences often leave too little time for discussion, which are necessary in effective transfer of tacit knowledge. The main role of boundary spanner, is to 'connect people' rather than acting as a medium of transfer.
Once awareness has been created, organisation members can then identify and transfer relevant knowledge. The transfer mechanism used depends, among other factors, on the tacitness and embeddedness of the knowledge. Knowledge with low tacitness and low embeddedness can be transferred relatively easily it through the exchange of documents which contain the knowledge. Knowledge with low tacitness, but high embeddedness is best transferred using mechanisms such as benchmarking visits and best practice guidelines, which allow the receiver to learn the knowledge itself as well as the background information.
On the other hand, transfer of tacit knowledge is more problematic and perhaps the only way is to transfer people for a long period of time. For tacit knowledge with low embeddedness, expatriation can be used where experts are sent to the receiver's location, as the context of knowledge has less impact on the understanding and comprehending the knowledge. For tacit knowledge which is highly embedded, the receiver has to 'enter' the environment or context in which the knowledge is held, as the meaningfulness of knowledge is lost without understanding the context.
Implications For Practice
There are several management implications from the framework proposed. 
Conclusion
Although there is an increasing recognition that multiple mechanisms should be use for knowledge sharing [24, 28] , the only guidance on how these mechanisms should be used in combination is limit to Media Richness Theory [26, 27] 36. The exact degree of reach and richness of mechanisms are difficult to determine, as different companies may use the mechanisms in different ways. In addition, within each mechanism, different communication channels can be used which determine the degree of reach and richness of mechanisms. Here, the relative degree of reach and richness of these mechanisms were determined using a method shown in Appendix I.
Appendix I: Guidelines to Determine 'Reach' and 'Richness' of Knowledge Sharing Mechanisms
The exact degree of reach and richness are difficult to determine, as different companies may use the mechanisms in different ways. In addition, within each mechanism, different communication channels can be used which collectively determine the reach and richness of mechanisms.
The following approach has been taken in determining the relative degree of reach and richness of knowledge sharing mechanisms. Mechanisms have been ranked as very low (1) Identified best practices are documented and distributed electronically using Groupware or Intranet. This could be in the form of process guides, step-by-step troubleshooting guide.
Covers a wide spectrum of knowledge, commonly are:
Step-by-step troubleshooting guide, production set-up procedures process improvement guides Explicit knowledge, and it could be context-dependent (equipment set up procedure) or less context dependent (such as FMEA) Ability to overcome temporal barrier Is the knowledge stored in people or non-people medium? (Peoplemediums are assumed to be less capable in overcoming temporal barrier as they can be lost more easily when people leave the organization) Is the knowledge with one or more people? (Mechanism in which knowledge is spread to more individuals is more likely to withstand turnover of people than mechanisms which concentrate to only one person). 
